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Key Messages
•	 Multiyear	storage	in	the	Indus	Basin	remains	limited.

















However,	 these	 linkages	 are	 not	 always	 comprehensively	 addressed	 (with	
	systems-based	 models)	 in	 federal	 and	 	provincial	 planning	 documents	 and	
budgets.
The	Indus	Basin	Irrigation	System	(IBIS)	has	undergone	profound	changes	and	
experienced	 increasing	 stresses	 in	 recent	 years.	 Several	 recent	 studies	 have	
heightened	awareness	of	Indus	water	resources	 issues,	notably	the	World	Bank	
study	Pakistan’s Water Economy: Running Dry (Briscoe	and	Qamar	2006).1 That	
study	 convened	 a	 team	 of	 experts	 to	 identify	 broad	 challenges	 and	 strategic	
choices	facing	the	water	sector	in	Pakistan.
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The	key	challenges	that	this	modeling	framework	will	examine	in	the	context	
of	climate	risks	are	(1)	limited	water	storage,	(2)	problematic	trends	in	surface	
















shows	 how	 storage	 per	 capita	 is	 likely	 to	 decline	 with	 continued	 population	
growth.	Historically,	reservoirs	in	Pakistan	have	been	operated	first	for	their	irriga-
tion	 benefits,	 and	 secondarily	 for	 their	 hydropower	 generation	 benefits.	






Figure 2.1 Water Storage per Capita in Semi-arid Countries
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failures,	 (2)	 insufficient	 storage	 capacity	 to	 absorb	 flood	 peaks,	 (3)	 lack	 of	
response	mechanisms	to	early	warnings,	(4)	need	for	expanding	flood	early	warn-
ing	systems,	and	(5)	encroachment	into	flood	plains	and	riverine	areas.	Post-flood	
assessments	 underscored	 the	 imperative	 of	 nonstructural	 as	well	 as	 structural	
measures,	and	their	relative	and	joint	significance	have	yet	to	be	established.
problematic trends in Surface Water and Groundwater Usage
A	 second	 area	 of	 concern	 is	 the	 changing	 relationship	 between	 surface	 and	


















































Figure 2.2 Water Storage per Capita over time
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of	groundwater	pumping.	Although	the	population	growth	rate	in	Pakistan	has	
been	declining,	it	is	still	1.8	percent	annually,	which	portends	escalating	demand	
















tinuing	 growth	 of	 withdrawals	 for	 agriculture.	More	 recent	 data	 suggest	 that	
tubewell	development	has	been	leveling	off	during	the	current	decade,	perhaps	
due	 to	 increasing	 pumping	 costs,	 unreliable	 fuel	 supplies	 (mainly	 diesel),	 and	
decreasing	groundwater	quality.
Irrigated	 land	 increased	at	an	average	annual	 rate	of	almost	1	percent	 from	
1992	 to	 2008	 (Government	 of	 Pakistan,	 Ministry	 of	 Food,	 Agriculture,	 and	











































Figure 2.3 pakistan population prospects under Low, Medium, and high Scenarios
Source: UN Population Division 2012.
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into	 areas	 of	 rainfed	 (barani)	 cultivation	 are	 limited,	 although	 they	 include	
expansion	of	private	tubewell	irrigation,	watercourse	extension,	and		high-efficiency	
irrigation	 technologies	 that	 can	 operate	 on	 uneven	 terrain	 (for	 example,	 drip	
systems).	These	opportunities	vary	by	province.
Figure 2.4 Growth in Use of tubewells, 1960–2003



































Figure 2.5 Growing role of Groundwater Irrigation, 1960–99
Sources: Van Steenbergen and Gohar 2005; in Briscoe and Qamar 2006, 41.
Note: MAF = million acre-feet.
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Increasing	 reliance	 on	 groundwater	 is	 no	 doubt	 related	 to	 problems	 of	







Drawing	down	groundwater	 can	 improve	 the	waterlogging	 situation,	but	 it	
can	also	increase	pumping	costs	or	it	can	tap	into	increasingly	brackish	waters.	












Figure 2.6 historical Changes in Groundwater Levels
Sources: Bhutta and Smedema 2005; in Briscoe and Qamar 2006.
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Figure 2.7 Depth of Water table by province
Source: Van Steenbergen and Gohar 2005; in Briscoe and Qamar 2006.
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Figure 2.8 Water table trends for Wells in Sialkot District of punjab, 2003–08
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study	 by	 Bhutta	 and	 Smedema	 (2005)	 noted	 that	 the	 direct	 annual	
	agricultural	damage	(not	counting	the	 lost	opportunities	of	more	profitable	
land	 use)	 is	 estimated	 to	 be	 on	 the	 order	 of	 PRs	 20	 billion	 per	 year.	
Waterlogging	and	salinity	have	also	adversely	affected	public	health	and	sani-
tary	 conditions	 in	 the	 villages.	 A	 more	 recent	 national	 estimate	 of	 the	
	economic	 impacts	 of	 salinity	 on	 agricultural	 production	 examined	 two	
	scenarios,	one	that	emphasizes	cotton	planting	on	the	most	saline	lands	and	




mated,	but	as	Ahmad	and	Kutcher	 (1992)	have	 shown,	 the	main	challenge	 is	
modeling	 the	 dynamic	 spatial	 distribution	 and	 transport	 of	 salts	 through	 the	
irrigation	system.	As	with	waterlogging	hazards,	salinity	hazards	tend	to	accumu-
late	downstream,	affecting	as	much	as	50	percent	of	the	land	in	Sindh.	However,	









allocation	 institutions	 were	 designed	 with	 limited	 flexibility	 that	 constrain	
	production	 under	 conditions	 of	 hydroclimatic	 variability	 and	 changing	 crop	
	production	technologies	and	functions.	Additionally,	these	inflexible	institutions	
have	been	routinely	subverted	to	effect	changes	 that	privilege	one	group	over	




involvement	 of	 the	 irrigators	 affected	 (Gilmartin	 1994).	 Outlets	 (moghas)	
located	 on	 distributary	 and	 minor	 channels	 had	 fixed	 outlet	 sizes	 that	 were	
opened	and	 closed	 for	 their	 respective	 shares	based	on	 farm	 size	 and	duty	of	
water	under	the	1873	Canal	Act	(figure	2.9).	Over	time,	this	system	has	been	
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Figure 2.9 Canal Water Distribution System
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years	 of	 intensive	 negotiation	with	 support	 from	 the	World	Bank	 yielded	 the	
IWT2	of	1960	and	a	bold	engineering	and	investment	framework	for	the	Indus	
Basin	 Development	 Programme	 (IBDP)	 in	 Pakistan	 (see	 Michel	 1967	 for	 a	
detailed	history).	The	treaty	allocated	upper	basin	flows	of	the	“eastern	rivers”	to	




They	 enabled	 construction	 of	 replacement	 works	 in	 Pakistan	 that	 included	
Pakistan’s	two	major	storage	dams	(Mangla	and	Tarbela)	and	link-canals	to	trans-
fer	inflows	from	the	western	rivers	to	canal	commands	formerly	supplied	by	the	
eastern	 rivers	 in	 Pakistan	 (see	 Wescoat,	 Halvorson,	 and	 Mustafa	 2000	 for	
a	50-year	review	of	Indus	Basin	development).	The	Indus	Basin	Model	used	in	















has	 been	 realized	 to	 date.4	 Stochastic	 analysis	 of	 the	 joint	 and	 cumulative	
	hydrologic	 and	 environmental	 effects	 of	 upper	 basin	 climate,	 runoff,	 and	
	hydropower	development	processes	could	help	identify	paths	for	data	exchange,	




Indus	 Water	 Accord.	 The	 Accord	 of	 1991	 allocated	 annual	 flows	 among	
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the	provinces	based	on	a	five-year	record	of	pre-Accord	historical	canal	diver-
sions.	 The	 Accord,	 which	 was	 based	 on	 the	 assumed	 average	 flow	 of	
114.35	MAF	of	water	in	the	Indus	system,	allocated	55.94	MAF	of	water	to	
Punjab	 and	 48.76	 MAF	 to	 Sindh	 province,	 the	 remaining	 9.65	 MAF	 was	
divided	between	North-West	Frontier	Province	(NWFP,	currently	known	as	










manage	 provincial	 water	 demands	 for	 reservoir	 releases	 and	 distribution	 to	
canal	commands.	The	“Council	of	Common	Interests,”	was	 introduced	 in	 the	
1973	Constitution	and	reconstituted	in	2009.	It	takes	up	disagreements	among	
the	 provinces.	 IRSA	 does	 not	 have	 effective	 structures	 or	 mechanisms	 for	
	regulating	 its	 political	 representation	 and	 technical	 administrative	 roles;	 the	
	former	 is	 sometimes	 perceived	 to	 dominate	 the	 latter.	 In	 2010,	 IRSA	 faced	
	rising	 	tensions	 leading	to	resignations	and	near-dissolution	of	 its	membership.	




boundaries).	While	 the	Accord	 provides	 for	 excess	 flows	 and	 redistribution	
within	 provinces,	 it	 does	 not	 provide	 for	 extremely	 low	 flow	 conditions	 or	
negotiated	 transfers	 among	 provinces.	A	 key	 analytical	 question	 is:	 How	 do	
table 2.1 allocations per the Indus accord
million acre-feet
Province Kharif a Rabi b Total
Punjab 37.07 18.87 55.94
Sindh 33.94 14.82 48.76
NWFPc 3.48 2.30 5.78
Balochistan 2.85 1.02 3.87
Total 77.34 37.01 114.35
Source: Mustafa and Wrathall 2011.
Note: NWFP = North-West Frontier Province.
a. kharif period = April to September, spring planting season.
b. rabi period = October to March, winter planting season.
c. NWFP Civil canals = additional 3.00 million acre-feet.
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these	 institutional	 	constraints	 affect	 agricultural	 production	 patterns,	 values,	
and	efficiencies?










Low	water-use	 efficiencies	 raise	 a	 comparable	 question.	 Efficiencies	 in	 the	
IBIS	 system	 comprise	 canal	 efficiencies,	 watercourse	 efficiencies,	 and	 field	
	efficiency,	measured	as	a	percentage	of	water	delivered	relative	to	the	amount	
withdrawn.	When	 multiplied,	 they	 give	 a	 measure	 of	 system-wide	 water-use	
efficiency.	Typical	losses	in	Pakistan	are	shown	in	table	2.2.
Some	 irrigation	 scientists	 argue	 that	 subsequent	 reuse	 through	pumping	of	
canal	seepage	should	be	added,	which	would	lead	to	higher	estimates	of	system	
efficiency	(Jensen	2007).	Others	argue	for	a	shift	from	physical	water-use	effi-
ciency	 to	 water	 productivity,	 measured	 either	 in	 terms	 of	 quantity	 of	 crop	
	produced	per	cubic	meter	diverted	and	delivered,	or	in	terms	of	the	net	caloric	
or	economic	value	of	that	crop	per	unit	of	water	(Molden	et	al.	2010).	There	are	
many	 ways	 to	 increase	 water	 productivity,	 from	 established	 techniques	 of	
	watercourse	improvement,	precision	leveling,	and	on-farm	water	management,	
Figure 2.10 trends in Crop Yields, 1991–2008
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floods	of	2010—all	of	which	contributed	 to	 the	drop	 in	GDP	growth	 rate	 to	
2.7	percent	by	mid-2011	(World	Bank	2012b).	An	IMF	(2010)	standby	agree-
ment	extension	 strives	 to	manage	debt,	 in	part	 through	 fiscal	policies	 such	as	
increasing	tax	revenues,	privatization,	and	lowering	subsidies.	International	eco-







table 2.2 Seepage Losses in Irrigation System
Location Delivery at head, MAF
Losses
percentage MAF
Main and branch canals 106 15 16
Distributaries and minors 90 8 7
Watercourses 83 30 25
Fields 58 30 17
Crop use 41 n.a. n.a.
Total 61 65
Source: GPCC 2005.
Note: n.a. = not applicable, MAF = million acre-feet.
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As	an	autonomous	federal	body,	the	Water	and	Power	Development	Authority	
(WAPDA)	 remains	 at	 the	 federal	 level,	 albeit	 with	 responsibilities	 limited	 to	
large	water	infrastructure	planning,	construction,	and	operations.	As	the	Pakistan	
Meteorology	 Department	 (PMD)	 is	 under	 the	 Ministry	 of	 Defense,	 it	 also	
remains	at	the	federal	level.	This	constitutional	change	means	that	assessments	of	
climate	 impacts	and	adaptation	must	devote	 increased	emphasis	on	provincial	
planning,	management,	 and	 governance.	 Further	 devolution	 of	water	manage-
ment	responsibilities	to	local	government	bodies	has	been	attempted	during	the	
past	decade	and	may	resume	in	the	future.
National Economic Long-Term Planning
The	current	long-term	plan	for	Pakistan	is	titled	Vision 2030 (GPPC	2007).	Its	
chapter	on	“Agricultural	Growth:	Food,	Water	and	Land”	includes	major	sections	
on	 agricultural	 production,	 water	 management,	 food	 security,	 and	 climate	
change—the	 first	 time	 this	 suite	 of	 sectors	 has	 been	 jointly	 addressed	 in	 a	
	long-term	 planning	 document	 for	 Pakistan.	 Vision 2030	 begins	 with	 the	
	observation	 that	 Pakistan	 has	 low	 rates	 of	 agricultural	 productivity,	measured	
in	yield-per-ha,	compared	with	peer	producers	of	food	and	fiber	crops	(table	2.3).
Vision 2030	proposes	to	address	these	gaps	and	minimize	the	impact	of	cli-
mate	 change	 in	 part	 by	 embracing	 the	 “gene	 revolution”	 (GPPC	 2007,	 53).	
Therefore,	 it	 is	 important	to	ask	how	crop	breeding	may	affect	water	demand	
and,	conversely,	how	hydroclimatic	change	could	affect	the	productivity	of	new	







Finally, the	 Vision 2030 report—using	 the	 threshold	 of	 1,000	 m3/capita	
after	2010	and	assuming	a	persistent	high	population	growth	rate—argues	that	
table 2.3 average Yields (kg/ha) of Selected Crops in Various Countries, 2005
Country Wheat Cotton Rice (paddy) Maize Sugarcane
World 2,906 1,949 4,019 4,752 65,597
China 4,227 3,379 6,266 5,153 66,063
India 2,717 850 3,007 1,939 61,952
Egypt, Arab Rep. 6,006 2,603 9,538 8,095 121,000
Mexico 5,151 n.a. n.a. 2,563 70,070














Source: GPPC 2007, 52.
Note: n.a. = not applicable.
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an	additional	12	MAF	of	 storage	 is	needed.	This	also	 incorporates	 the	current	
observed	 reservoir	 sedimentation	 and	 future	 projections	 of	 increased	 general	
circulation	model	(GCM)	monsoon	rainfall	of	20–30	percent.
Similarly,	 a	 panel	 of	 economists	 submitted	 recommendations	 for	 the	 next	
Medium-Term Development Imperatives and Strategy for Pakistan for	a	 five-year	
period,	2010–2015.5	The	“Panel	of	Economists	Final	Report”	 (2010)	envisions	
the	agricultural	 growth	 rate	 to	average	only	3.7	percent,	due	 in	part	 to	water	
constraints	(table	2.5).	The	report	urges	increased	irrigation	efficiency,	which	it	




matic	 increase	 in	 yields	 in	 Bt	 cotton	 since	 2002.	 The	 panel	 also	 advocates	












2014–152009–10 2010–11 2011–12 2012–13 2013–14 2014–15
Agriculture 21.8 3.0 3.5 3.6 3.7 3.8 3.9 3.7 20.1
Industry 24.4 4.5 5.0 5.5 6.0 7.0 8.0 6.3 25.8
Services 53.8 3.2 3.6 4.8 5.2 6.2 7.4 5.4 54.1
GDP 100.0 3.5 3.9 4.7 5.1 5.9 6.8 5.3 100.0
Source: Panel of Economists 2010.
a. Growth rate during plan period 2010–11 to 2014–15.




2004–05 2009–10 a 2015 b 2030 c
Wheat 21.6 25.4 30.0 33.0
Rice 5.0 6.3 7.5 8.5
Cotton (lint)d 14.6 17.0 30.7 21.5
Sugarcane 45.3 56.7 63.4 n.a.
Fruits 6.0 7.0 10.8 n.a.
Oil seeds 5.8 7.5 8.12 n.a.
Meat 2.8 3.1 4.2 n.a.
Milk 29.4 43.3 52.2 n.a.
Fisheries 573.6 725 n.a. n.a.
Source: GPPC 2007.
Note: n.a. = not applicable.
a. Mid-term development framework, 2005–10.
b. Ministry of Food, Agriculture, and Livestock, 2015.
c. Production based on regression analysis of 16 years of data (1990–2005).
d. bales, millions.
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heavy	 emphasis	 to	 adaptation	 in	 the	water,	 agriculture	 and	 livestock,	 forestry,	
disaster	 preparedness,	 and	 vulnerable	 ecosystems	 (mountains,	 coastal	 zone,	






Commission	 and	Ministry	 of	 Finance	 will	 also	 need	 to	 consider	 the	 linkages	
between	 climate	 change	 and	 disaster	 risk	 reduction	 policies.	 Devolution	 of	
	former	federal	sectoral	functions	to	the	provinces	under	the	18th	Amendment	









overall	 context	 and	 rationale	 for	 these	 projects.	 WAPDA	 has	 prepared	 a	
“Developmental	 Plan”	 that	 focuses	 on	 strategic	 issues	 and	 infrastructure	 com-
pleted,	planned,	and	phasing;	it	makes	no	reference	to	climate	change.	A	major	
Water	 Sector	 Strategy	 was	 drafted	 in	 2002,	 and	 adopted	 in	 2005,	 but	 still	
remains	in	draft	form.	Thus,	there	is	no	strong	policy	linkage	between	WAPDA’s	
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National	 water	 policy	 is	 articulated	 in	 the	 Annual	 Plans	 of	 the	 Planning	




due	 to	 the	2010	 flood	 and	budget	 cuts.	Quantitative	 targets	 in	 the	 two	most	
recent	plans	indicated	declining	physical	achievements	and	targets	both	before	
and	after	the	2010	flood.	Although	the	plans	indicated	a	partial	shift	from	large	
projects	 to	 small-	 and	 medium-size	 projects,	 there	 are	 continuing	 efforts	 to	
advance	Basha-Diamer	and	other	large	storage	and	hydropower	projects	central	
to	WAPDA’s	Vision 2025.
Task Force on Food Security
The	2008	spike	in	world	food	prices	led	the	Government	of	Pakistan	to	set	up	a	
Task	 Force	on	Food	Security,	which	delivered	 its	 final	 report	 in	2009	 (GPPC	
2009).	 Its	 key	 points	 are	 that	 Pakistan	 needs	 to	 develop:	 (1)	 a	 national	 food	
	security	 strategy	 (supported	 by	 4	 percent	 annual	 agricultural	 growth	 rate,	
	efficient	 and	 equitable	 storage	 and	 pricing,	 increasing	 food	 access	 through	 a	





The	 task	 force	 recommendations	 focus	 on	 agricultural	 growth	 through	
increased	yields,	a	shift	to	higher	value	horticultural	crops,	and	increased	invest-
ment	 in	 the	high-value	 livestock	and	dairy	 sector.	Attention	was	also	given	 to	
enhancing	 agricultural	 water	 management	 and	 water-use	 efficiency	 through	
precision	 land	 leveling,	 watercourse	 improvements,	 water-efficient	 irrigation	
technologies,	low	delta	water	crops,	and	promotion	of	water	saving	technologies	
like	drip	and	sprinkler	irrigation.
The	 report	 identified	 water	 as	 a	major	 constraint	 in	 agriculture.	A	 serious	
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productivity—Pakistan’s	cereal	production	of	0.13	kg	per	cubic	meter	of	irriga-
tion	 water	 compares	 unfavorably	 with	 0.39,	 0.82,	 1.56,	 and	 8.7	 kg	 in	 India,	
China,	the	United	States,	and	Canada,	respectively	(Kumar	2003).
The	task	force	further	recommended	a	two-pronged	strategy	for	the	develop-
ment	 of	water	 resources	 to	 attain	 and	 sustain	 food	 security	 in	 Pakistan.	 First,	
attention	should	be	paid	to	reducing	water	losses	and	improving	conservation	of	
available	water	resources	to	enhance	productivity	and	increase	cropping	inten-








Task Force on Climate Change
The	 Government	 of	 Pakistan	 Planning	 Commission	 set	 up	 a	 Task	 Force	 on	
Climate	Change	in	October	2008	to	provide	appropriate	guidelines	for		ensuring	
the	security	of	vital	resources	such	as	food,	water,	and	energy.	Their	final	report,	
drafted	 in	 February	 2010	 (GPPC	2010),	 contributed	 to	 the	 formulation	 of	 a	
climate	change	policy	that	has	been	helping	the	Government	pursue		sustained	
economic	 growth	by	 addressing	 the	 challenges	posed	by	 climate	 change.	The	
report	 acknowledged	 the	 limited	 scope	 for	 expanding	 water	 supplies	 and	
advised	that	Pakistan	would	have	to	improve	the	efficiency	of	water	use	in	all	
the	 sectors,	 particularly	 in	 agriculture.	 It	 also	warned	 of	 the	 risk	 of	 increased	















	 4.	For	 example,	 the	 Jang publishing	 group	 and	Aman	 ki	Asha sponsored a	 group	 of	
Indian	 and	 Pakistani	 leaders	 to	 discuss	 the	 prospects	 for	 international	 cooperation;	
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